This paper analyzes how different R&D strategies of incumbent firms affect the quantity and quality of their entrepreneurial spawning. By examining entrepreneurial ventures of ex-employees of firms with different R&D strategies three things emerge: First, firms with persistent R&D investments with a general superiority in sales, exports, productivity, profitability and wages are less likely to generate entrepreneurs than firm with temporary or no R&D investments. Second, start-ups from knowledge intensive business service (KIBS) firms with persistent R&D investments have a significantly increased probability of survival. No corresponding association between the R&D strategies of incumbents and survival of entrepreneurial spawns is found for incumbents in manufacturing sectors.
Introduction
A stylized fact that appears in various branches of economic thought is that new firms are an engine of technological change, employment and growth (Baumol, 1990; North, 1994; Acs, 2006) . But the impact and survival differ considerably across new entrants. Start-ups by ex-employees of incumbent firms are found to be a distinctive class of new firms. Bhide (1994) reports, on examining survey-data, that 71 % of all founders of fast-growing companies replicated or modified an idea encountered through previous employment. Several studies confirm that employee start-ups play an important role in the evolution of industries, and that the knowledge they inherit from incumbents is important for their quality (US automobile industry, Klepper, 2002 ; laser industry, Klepper and Sleeper, 2005;  semiconductors, Malone, 1985 ; disk drive industry, Agarwal et al., 2004) .
The superior performance of employee start-ups naturally stimulates questions about the type of firms that are more likely to spawn new entrepreneurs. One of the central questions in entrepreneurship research indeed concerns the characteristics of incumbents that influence the quantity and quality of employee start-ups. Yet, the empirical evidence on such characteristics is limited. For instance, in a recent survey of the literature, Klepper (2001) concludes that evidence on employee start-ups is rare and that existing studies often reach different conclusions.
The purpose of this paper is to shed more light on the relationship between attributes of incumbent firms and their entrepreneurial spawning. We focus on how the R&D strategies of incumbents influence the quantity as well as the quality of de novo employee start-ups. Quantity refers to the frequency of entrepreneurial spawns and quality to survival rates. Employee start-ups with higher likelihood of survival are assumed to be of higher quality. We investigate the effect of three different R&D strategies that describe frequency of a firm's R&D investments over time: (i) no R&D, (ii) temporary R&D and (iii) persistent R&D.
There are several motivations for our focus on R&D strategies. It is widely maintained that start-ups are stimulated by the stock of accumulated knowledge of incumbent firms (Acs et al., 2009) . When employees leave to start a new firm, they walk out with tacit knowledge and know-how on routines, resources, customers, etc., connected to the incumbent. In this way, employee start-ups inherit knowledge from incumbent firms. Such knowledge inheritance is expected to have a positive influence on both the quantity and quality of entrepreneurial spawns (Klepper, 2001; Klepper and Sleeper, 2005) . Firms with different types of R&D strategies may readily be assumed to develop different levels of experience, skills and knowledge. Because of this, they may be associated with distinct potentials to generate high quality employee start-ups, where firms with persistent R&D could be regarded as 'hotbeds' for entrepreneurial spawns.
An opposite perspective suggests that innovative firms that invest persistently in R&D are less likely to spawn entrepreneurs. Agarwal et al. (2004) maintain that successful firms are more capable at capitalizing on new ideas and knowledge developed in the firm which should reduce start-up activity by their employees. Studying the disk drive industry in the US, they find support for this prediction.
Moreover, Lööf and Johansson (2010) , find significant differences in Swedish firms' performance related to their long-run R&D-strategy. Firms that undertake R&D persistently have higher sales, productivity and profitability per employee. From this perspective, employees of such well-performing firms that pay high wages and offer stable employment may perceive the opportunity cost of starting an own firm as high, which would lower the probability of employee start-ups.
Although the nature of association between knowledge inheritance and employee entrepreneurship are topics of active research, the lack of systematic evidence and agreements is striking. We contribute to this literature by presenting an empirical analysis of the relationship between R&D strategies and the spawning of entrepreneurs, using a novel comprehensive dataset on incumbent firms and start-up activities of their employees.
The analysis makes use of unique Swedish matched employer-employee data material comprising firms included in the Community Innovation Survey (CIS4), which covers both manufacturing and services sectors. We observe about 350,000 individuals in about 2,200 incumbents and about 3,000 start-ups. We identify, over a sequence of years, employees that stay in the old firm, switch to another firm, exit from the labour market, or transcend into entrepreneurship. Applying a multinomial logit model, the empirical analysis first estimates the influence of the R&D strategy on the probability of such a transition, while controlling for ample characteristics of the individuals and of the parent firm as well as regional milieu characteristics. We then use survival analysis to assess how the R&D strategy of the parent influences the survival of employee start-ups. The R&D strategy information is obtained from the CIS4 survey.
Our work is concordant to recent papers by Klepper and Sleeper (2005) and Agarwal et al. (2004) .
Though our analysis is similar to these studies in terms of questions asked, it distinguishes itself from previous literature in several respects, and the nature of our data allow us to address some of the limitations that Agarwal et al. (2004) associate to their study.
First, to the best of our knowledge, this paper represents the first attempt to use data from the increasingly popular Community Innovation Survey (CIS) as the point of departure and study relationship between the surveyed firms and new firms whose founders have pre-entry experience from the incumbent CIS-firms. Second, our study is not restricted to a specific industry. We investigate spawning and survival for firms in both manufacturing sectors and the services sector normally labelled Knowledge Intensive Business Services (KIBS) comprising . We split the data into two different groups and compare results in an integrated empirical framework. This allows us to contrast KIBS and manufacturing sectors. Third, we do not limit our analysis to any specific type of employee start-up. We study employee startups in both the same sector (2-digit NACE) as the parent firm, labelled spin-outs following Agarwal et al (2004) , and in other sectors. Hence, employee start-ups may or may not take place in the same sector as the incumbent. Following previous literature, we test for survival differences between spinouts and other types of employee start-ups.
Fourth, in addition to the R&D strategy variables, we control for ample attributes of the incumbent firms (e.g. size, sector affiliation, performance history). Furthermore, we control for characteristics of the regional milieu in which the incumbent firm and the employee start-up is located. There are several arguments in the literature why location characteristics may impact the decision to start a new firm as well as the firm's survival (see e.g. Feldman 1999 ).
Furthermore, existing literature on the links between incumbents and new businesses based on microeconomic methodology, typically uses the firm as the unit of analysis (for instance Agarwal et al 2004 and Slepper 2005) . In contrast, we observe the incumbent firm, the start-up firm and all unique individuals employed in the incumbents and their choice of staying at their current employment, switching to another firm, starting a new business or exiting from the labour market.
This allows us to control for characteristics of the employees (such as age, education, wage, gender, tenure), which may influence the start-up decision as well as opportunity costs of starting a firm (eg. wage), as well as for firm characteristics.
Our main findings can be summarized as follows: regarding the quantity of entrepreneurial spawning we present evidence that firms with persistent R&D in both manufacturing and KIBS sectors are less likely to spawn entrepreneurs. These results hold across different model specifications, and corroborate the findings of Agarwal et al. (2004) , who report that firms with high levels of both technological and market knowledge produce fewer spin outs, since they are better equipped to capitalize on new ideas and knowledge developed in the firm. Though we do not have explicit measures of technological and market knowledge, it is likely that firms who perform R&D persistently have large stocks of accumulated technological and market knowledge.
As regards the quality of employee start-ups, no significant difference in the survival rate can be found between entrepreneurs spawned from firms with different R&D strategies among incumbents in manufacturing sectors. However, for the survival of employee start-ups from KIBS firms, previous employment within an incumbent that persistently invested in R&D is positively associated with survival. In addition, if the entrepreneurial spawning takes place within the same KIBS-industry, it is more likely that the new firm (a spin-out) will survive, indicating the importance of related knowledge. Finally, our analysis shows that spin-outs related to innovative firms have a stronger survival capacity than spinouts from non-innovative firms.
The remainder of the paper is organized in the following fashion: Section 2 presents the theoretical background and derives the hypotheses to be tested. Section 3 presents the data and discusses the identification of de novo employee start-ups in the paper. The empirical methodology and the model specifications are presented in Section 4, along with a motivation of control variables. Section 5 presents the results and Section 6 concludes.
R&D Strategies and the Quantity and Quality of Entrepreneurial Spawning
Modern entrepreneurship research focuses on the process and potential of discovering and exploiting entrepreneurial opportunities (Shane and Venkataraman 2000) . Studies show that this may have various dimensions such as institutional (Glaeser et al 2003 , Aidis et al. 2009 ), regional (Davidsson et al. 1994 , Malecki 1997 ), or individual (e.g. Casson 2003 . A growing literature addresses characteristics of firms that spawn new entrepreneurs (e.g. Agrawal et al. 2004 , Klepper and Sleeper 2005 , Elfenbein et al. 2009 ). Our work here adheres to this latter literature and focuses on the influence of R&D strategies on the quantity and quality of entrepreneurial spawning by incumbent firms. We discuss the quantity and quality, respectively, in the following two sections.
R&D strategies and the frequency of entrepreneurial spawning -the quantity argument
There are many general arguments why an individual's recognition of entrepreneurial opportunities and engagement in entrepreneurship may be associated with her prior or current employment.
Employment within an incumbent is a main channel for learning about technologies and production processes as well as about markets, customer preferences and business processes. Thus, the incumbent firm is a potential source of knowledge and ideas upon which a new firm may be established.
Some firms may be more or less prone to spawn entrepreneurs than others. With regard to R&D strategies and the quantity of spawns, there are two basic and partly contrasting perspectives. The first centers on the role of knowledge and ideas for new firm formation and suggests that incumbents with significant investments in R&D should be associated with more frequent spawns. The second emphasizes the superior performance of R&D firms and associates this to higher opportunity cost of leaving the firm for entrepreneurship.
Starting with the first perspective, one of the most prevalent views in the literature is that incumbent firms that invest in knowledge and innovation are more prone to generate entrepreneurial spawns. Klepper and Thompson (2007) , identify three classes of models of employee start-ups. In the first one an employee decides to capitalize on a chance discovery of potential value. Although the incumbent firm might be better suited to appropriate the gains of the discovery information asymmetries allow the employee to break off and form his own startup. In the second model the discovery is common knowledge among both the firm and its employees but the incumbent is either not interested or not capable to implement the novel idea because e.g. it might cannibalize existing rents or the idea is not close enough to the incumbent's main line of business. In the third model there is no innovative finding but the employees of an incumbent acquire through their work the necessary market knowledge to independently compete in the industry of their employer and decide to start their own firm.
Though these different classes of models may differ in terms of the reasons for exploring a novel idea or new knowledge outside the firm in which the idea or knowledge was developed, they all recognize knowledge as the trigging factor.
R&D strategies are relevant in this context since R&D is the greatest general source of new economic knowledge (Cohen and Klepper, 1992a, 1992b) . In the 'knowledge spillover theory of entrepreneurship', henceforth KSTE, developed by Acs et al (2009) , entrepreneurial opportunities are created endogenously "when incumbent firms invest in, but do not commercialize new knowledge" (ibid p.17). According to this theory, "…entrepreneurial activity will be greater where investments in new knowledge are relatively high, since start-ups will exploit spillovers from the source of knowledge production (the incumbents)" (ibid p.17). Although this framework does not directly focus on the relationship between incumbent R&D and employee start-ups, the general implication is a positive relationship between a firms' R&D strategy and its probability of entrepreneurial spawning.
Employees of firms that persistently undertake R&D are more likely to be exposed to new knowledge and ideas and are thus in a better position to recognize entrepreneurial opportunities emanating from unexploited knowledge of the incumbents.
Previous research on spin-offs lends support to the hypothesis that R&D investments and innovation trigger employee start-ups. Klepper (2001) concludes that a general result of studies on spin-offsdefined as employee start-ups in the same sector as the parent firm -is that more innovative and successful firms spawn more entrepreneurs. Studying the laser industry in the US, Klepper and Sleeper (2007) present similar results, but also show that the spin-off rates reduce as the industry mature and knowledge becomes more embodied in physical rather than human capital, and as such is less accessible to employees. Moreover, Gompers et al. (2005) find that incumbent public companies are an important source of entrepreneurs that start new firms. They conclude that their results "suggest that the breeding ground for entrepreneurial firms are other entrepreneurial firms" (ibid p.35).
The second perspective emphasizes an opposite effect of R&D strategy on entrepreneurial spawning.
It refers to opportunity costs and incumbents' ability to exploit the knowledge emanating from their R&D activities. The literature on firm growth and performance suggests that firms that persistently innovate and conduct R&D exhibit sustained high performance (Cohen 1995 , Sutton 1997 , Caves 1998 , Griliches 2000 . Examining large U.K. firms over relatively long periods of time (20 and 38 years respectively) Geroski, Machine and Van Renen (1993) find substantial permanent differences in the profitability of innovating and non-innovating firms. Lööf and Johansson (2010) study a panel of about 3,000 Swedish firms over a 10-years period and suggest a generic difference in productivity between firms that undertake persistent R&D and other firms. Controlling for both observable and unobservable heterogeneity, they find that the former firms have superior productivity, profitability and wages. Leaving such well-performing firms that pay high wages and offer stable employment for an uncertain and risky entrepreneurial venture may simply not be attractive for employees. They may perceive the opportunity cost of starting an own firm as high, which lowers the probability of employee start-ups.
A related argument is that innovating firms may be better equipped to exploit new knowledge. The literature suggests that many of the factors that create long-term competitiveness are knowledge-based and firm-specific (Pavitt 1991 , Scott 1994 , Klette and Johansen 1998 and require both technological know-how and market pioneering know-how (Agarwal et al 2004 
R&D strategy and the survival of employee start-ups -the quality argument
We now turn to the second issue addressed in this paper: the survival of employee start-ups. While the discussion on the frequency of entrepreneurial spawning emphasizes quantity, the question of survival of employee start-ups focuses on the quality of start-ups. Employee start-ups with higher survival rates can be expected to be of higher quality.
While ambiguities exist regarding the relationship between R&D strategy and the quantity of spawning, the literature is rather clear in how R&D strategy is expected to influence the survival of employee start-ups. Employee start-ups are assumed to inherit knowledge from their parent firms that should give them a competitive edge. Innovative incumbents with significant knowledge investments, such as R&D, have richer resources from which employees can draw, and this is expected to increase the quality of the entrepreneurs they spawn (cf. Klepper 2001) . The competitive advantage of firms that conduct R&D persistently consists of a bundle of interrelated and firm-specific supply-oriented knowledge (technology) and demand oriented knowledge (market knowledge).
There is quite extensive research suggesting that the previous work experience plays a significant role for entrepreneurship and in particular the quality in terms of survival of new entrants. Prior knowledge influences the probability of recognizing entrepreneurial opportunities and it conditions the way in which an idea is used (Shane, 2000) . 2 Empirical analyses also suggest that industry experience enables entrepreneurs to identify and materialize entrepreneurial opportunities of higher quality (Buenstorf, 2007; Elfenbein et al., 2009) .
A related argument for why knowledge-intensive incumbents with persistent R&D would spawn entrepreneurs of higher quality may partly be derived from hypothesis 1b. If these firms perform well and pay high wages, such that the perceived opportunity costs of leaving them for entrepreneurship is high, then employees could be expected to only choose to transcend to entrepreneurship if they have a good business idea. The high level of opportunity cost could theoretically act as a form of threshold, sorting out 'good' business ideas.
Based on the arguments above, we formulate our hypothesis on the relationship between R&D strategy and the quality of employee-start-ups as evidenced by survival rates as follows:
Hypothesis 2: R&D strategies associated with persistent R&D in incumbent firms increase the survival rate of the firms they spawn.
As stated in the introduction, we do not restrict our analysis to any specific type of employee start-up.
We study employee start-ups in both the same sector as the parent firm, labelled spin-outs following Agrawal et al (2004) , and in other sectors. Hence, employee start-ups may or may not take place in the same sector as the incumbent. However, previous research shows that employee start-ups in the same sector as the parent firm (incumbent) are distinguished from others in several respects.
The post-entry performance of start-ups by individuals with industry experience is generally higher in comparison with start-ups by individuals without experience (Buenstorf, 2007) . 
Manufacturing versus KIBS sectors
Until now we have not addressed potential differences between manufacturing and KIBS sectors, though we analyze both separately in the empirical part. We study employee start-ups from incumbents in manufacturing and KIBS sectors, respectively. The split between these two sector aggregates is interesting for several reasons.
First, KIBS represents a growing segment of the economy in many OECD economies (Peneder et al. 2003, Schettkat and Yocarini 2006) . While manufacturing employment is stagnant or shrinks, KIBS employment has grown at 2-digit rates over several years in many countries. A general shift to KIBS sectors, driven by e.g. shifts in demand, could stimulate the rate of spawning as well as the survival of spawns.
Second, many authors argue that successful entrepreneurship requires complementary types of knowledge. In particular, successful entrepreneurs often need to combine technological and market knowledge (Freeman 1974 , Agarwal et al. 2004 ). There are arguments that an 'average employee' in an incumbent KIBS is more likely to accumulate both types of knowledge as compared to an 'average employee' in manufacturing firms. KIBS sectors are normally populated by small-scale firms. A large literature focuses explicitly on the relationship between firm size and spawning of entrepreneurs, and several studies finds a 'small firm effect' in the rate of spawning (Hyytinen and Maliranata 2008 , Rosenthal and Strange 2009 , Elfenbein et al. 2009 ). The argument here is that employees of smaller firms are exposed to the whole business process including customers, making them better equipped to start a firm. On top of the firm size argument, employees of KIBS firms often have higher contactintensity with customers than employees of manufacturing firms. Partly this is so because many KIBS firms sell consultancy services. Manufacturing firms typically have a more fine division of labour where the employees produce a specialized task.
Based on this, we hypothesize that the 'average employee' of KIBS firms to a larger extent will accumulate both technological and market knowledge as compared to an 'average employee' in showing that independence rather than support from a parent firm appear to be important for staring a successful firm.
manufacturing firms. If both types of knowledge are important for successful entrepreneurship, as argued in the literature, then one could expect that the relationship between R&D strategy and survival is stronger for employee start-ups emanating from KIBS and weaker for those start-ups emanating from manufacturing. The argument for this is that employee start-ups from KIBS firms with persistent R&D are more likely to inherit both technological and market knowledge. We thus formulate the following hypothesis: 
Data and descriptives

Description of data
The basic data material in this study is a matched employer-employee dataset comprising audited register information on firms and employed individuals over a sequence of years. These data include balance-sheet data (value-added, sales, employment, wages, etc.) for the firms and a set of characteristics of the employees (age, sex, education, place of work, income, etc.).
In order to identify R&D strategies of incumbent firms we match the basic employer-employee data with the 4 th Community of Innovation Survey (CIS 4). This survey contains information on 2,898 randomly selected Swedish firms over the period [2002] [2003] [2004] . The CIS-survey is a Eurostat/OECD initiative for studying innovative activities of European firms. Recently the survey is also being employed by a growing number of countries outside Europe. The firm size is downward censored to 10 employees and about 2/3 of all Swedish firms in this size group responded to the questionnaire. By merging the firm-level CIS 4 with the employer-employee data, we end up with an employeremployee dataset for those firms that are part of the CIS 4. We restrict the analysis to firms affiliated to manufacturing and KIBS (NACE 72-74) sectors and end up with 2,177 firms.
One of the core-questions in the survey is whether the firm has conducted (i) R&D-investments all three years during the period considered, (ii) only during some of the years, or (iii) not at all. Table 1 presents account information on sales, value added and exports per employee, wages, human capital measured as the educational background of the employees (a university education of at least 3 years), physical capital, firm size, sector classification and corporate ownership structure according to the three different R&D strategies in the year 2004. firms that undertake R&D persistently typically belong to a multinational group, while a majority of those engaged in temporary R&D and no R&D are independent firms or belong to a national Swedish group. In order to investigate whether the cross-sectional pattern reported in Table 1 is true also for the time-series dimension, we use information from Lööf and Johansson (2010) Employee start-ups are defined by looking at employed individuals' transition to self-employment between each year. The total number of employee start-ups in a year t+1 is given by the number of individuals that switch from being employed to being self-employed between year t and t+1. We distinguish between spin-outs, i.e. employee start-ups in the same 2-digit NACE sector as the parent firm, and other types of employee-start-ups by comparing the 2-digit NACE-codes of the firm started by an individual with the 2-digit NACE-code of the firm she was employed by the year before her transition to self-employment.
Variables in the empirical analysis
The focus of the empirical analysis is to analyze the effect of the R&D-strategy of the incumbent firm on the quantity and quality, respectively, of employee start-ups. Quantity is assessed by analyzing how R&D strategy of the incumbent affects the probability that an employee transcend to self-employment.
The role of R&D strategy for quality is analyzed by estimating the impact of incumbents' R&D strategy on the rate of survival of the employee start-ups. In both analyses, we control for characteristics of the individual, the incumbent firm and the region the incumbent firm is locate in.
In the remainder of this section, we present, motivate and define the control variables in the respective analysis, i.e. quantity and quality of employee start-ups. We start by discussing the control variables in the analysis of the probability of a transition to self-employment, and then go on to discuss the control variables in the analysis of survival rates.
Control variables in the analysis of the probability of transcending to self-employment
Firm controls
An important control variable is the size of the incumbent firm, measured as the logarithm of the number of employees. A set of related studies (Hyytinen and Maliranta 2008 , Baltzopoulos and Braunerhjelm 2010 , Elfenbein et al. 2009 ) suggest that firm size is negatively associated with the propensity of the firm to spawn entrepreneurs. As mentioned in Section 2.3, the argument is that employees of smaller firms are exposed to the whole business process including customers, making them better equipped to start a firm. 4 We expect that smaller firms are more likely to spawn entrepreneurs.
Moreover, we include two dummy variables that capture whether the employment and/or the sales of the firm have been declining over the past two years. The Declining Employment dummy equals one if there has been a drop in a firm's employment between time t and t-2 and the Declining Sales dummy equals one if there has been a drop in the sales of the firm between t and t-2. These two are rather important controls that help capture any push-out effects caused by a decline in the business of the incumbent firm. Especially the choice to exit can very often be involuntary and this is one way to control for whether the firm is downsizing or not.
Individual controls
We control for the individual characteristics most commonly referred to in the literature of entrepreneurship and labour mobility as important determinants of employment choices (see e.g. Farber 1994, Andersson and Thulin 2008) . These are tenure, age, age squared, gender (equal one if male, zero otherwise), wages and a dummy variable identifying skilled labour which equals one if the individual has the equivalent of three years of university education or longer and zero otherwise.
Regional controls
Previous research has shown that characteristics of the regional environment exerts an important influence on both the likelihood of new firm formation and the survival of new ventures (Audretsch and Fritsch 1994 , Armington and Acs 2002 , Feldman 1999 , Andersson and Koster 2010 . We therefore control for a set of regional characteristics that are found to be important for entrepreneurship. 4 It should be noted that the literature provide conflicting evidence on the role of the size. Wong et al. (2007) and Agarwal et al. (2004) find that firm size (employment and sales, respectively) is non-significant with respect to the propensity of individuals leaving their organization to start their own business.
The first is market-size, here measured as the log of the local workforce. Market-size can be motivated from several different perspectives (Andersson and Hellerstedt 2009) . From a demand-side, the size of the market pertains to the potential to recover fixed costs associated with a start-up. If the market is too limited -in relation to the magnitude of the fixed costs -it can imply that an entrepreneurial opportunity remains unexploited, even though the same opportunity is economically viable in other locations with larger markets. However, market-size is also relevant in an entrepreneurship context for other reasons. First, large markets are generally associated with high accessibility to various inputs, which may be important for start-ups. Moreover, transaction-cost theory frequently point to a relationship between vertical integration and market 'thickness' (Klein et al. 1978 , Pirrong 1993 , McLaren 2000 . The argument here is that in large markets where many firms already have arm's length arrangements, i.e. a thick market, there are many potential customers for a firm. This is advantageous because firms producing specialized and customized inputs, as many initially small new ventures do, are likely to incur sunk costs. Second, if there are few customers, an arm's-length arrangement means that the supplying firm is at the risk of being "held-up" by the customer and may not be able to recoup its fixed costs. From this perspective, both frequency and survival of start-ups can be stimulated by thick and large markets, because problems related to hold-up and assetspecificity are reduced.
In addition to market-size, we include three indices commonly used to capture the effect of so-called MAR and Jacobs externalities as well as regional average firm size. MAR and Jacobs externalities refer to different types of agglomeration economies, where the former emphasize benefits associated with a specialized regional environment (cf. Glaeser et al. 1992 ) and the former benefits associated with a diversified environment (Jacobs 1969 , Frenken et al. 2007 ).
The effect of MAR externalities is controlled for by the production specialization index (PS) for each industry branch in each region which capture the degree of relative specialization of these industries.
The PS-index measures the extent to which region j is specialized towards industry i:
where E is employment, i = 1, … , 43 for each industry branch and j = 1, … , 81 for each functional region. A common normalization is to calculate the ratio (PS-1)/(PS+1) which is balanced and restricted between -1 and 1. Values of this corrected PS index larger than zero indicate a higher degree of industrial specialization compared to the national industrial composition, while values smaller than zero indicate the exact opposite.
For capturing the extent of the Jacobian externalities in each region we implement a type of inverse Hirshman-Herfindhal index which controls for differences in sectoral employment shares at the national level and sums for each region, over all sectors, the absolute value of the difference between each sector's share in local employment and its share in national employment. Formally,
where RDI is a regional characteristic. The index increases the more the composition of activities in the region mirrors the diversity of the national economy (Duranton and Puga, 2000) .
Finally we control for the strength of the local entrepreneurial culture. Glaeser and Kerr (2009) 
where S is the number of firms, and the rest same as above in (1 Table 1 ).
Control variables in the analysis of the survival of employee start-ups
The survival model focuses on the influence of R&D strategy of the incumbent on the quality of the new businesses. We control for the two determinants of hazard rates most commonly discussed in the relevant literature on firm survival analysis, the size of the start-up firm and the size of scale economies. Size of the firm is again the log of the number of employees and scale economies are captured by the log of total regional employment.
Furthermore, we control for heterogeneity among the founders of the firms including once again the variables male, age, age 2 , and education. Finally, we include a same industry dummy which equals one if the entrepreneur starts a firm in the same industry he was formerly employed in. Agarwal et al. (2004) refer to this group as spin-outs. Our hypothesis is that spin-outs have higher survival rates. 
ESTIMATION STRATEGY
Two different econometric techniques are implemented to test our hypotheses. First we address the propensity of the people employed in our sample of firms to transcend into entrepreneurship, and second we explore the survival rate of these new start-ups conditional on the characteristics of the spawning firm.
Multinomial logit model -probability of employee start-ups
In order to formally test the role of the incumbent firm's R&D strategy on its propensity to spawn entrepreneurs we apply an individual level approach similar to the one used by Hyytinen and Maliranta (2008) . Instead of considering positive outcomes alone (the spawning of a new firm) the decision of the nascent entrepreneurs to start their own firm is contrasted to that of their colleges that choose differently.
At the end of each time period, each employee faces the choice of what form of employment she would like to have in the next time period. She can decide to Stay in her current employment, Switch to a different employer, Exit from the workforce, or become Self-employed. The end-of-the-period choice set of all employees, C = {Stay, Switch, Exit, Spin-off}. In such a setup where the outcome is nominal and the categories are assumed to be unordered the preferred estimator is the multinomial logit, MNL. Assuming that the utility individual n obtains from alternative i is U ni then the probability that he will choose alternative i is ( ) Pr( , , ) 
The parameters of this model are unidentified unless the parameter vector of one of the alternatives is normalized. We set β stay = α stay = 0, and the rest of the coefficients measure the change relative to those individuals that choose to remain in their current job.
A basic assumption of the MNL estimation that needs to be considered is the assumption of independence of irrelevant alternatives (IIA). Applied in this case the IIA assumption requires that when choosing for example between Staying and Exiting, Switching to a different employment or transcend to entrepreneurship are not options that will affect that choice. The problem with the IIA assumption is that it cannot be tested with absolute certainty but needs to be considered carefully in each case (Long and Freese 2006) . Given the nature of the issue addressed, we argue that the four alternatives we consider are indeed dissimilar enough and it is reasonable to assume that the independence of irrelevant alternatives assumption holds. It is hard to imagine that people deciding to stop working or to retire are considering entrepreneurship or a new job as alternatives affecting their 5 The assumption that the disturbances are Gumbel distributed is basically an approximation to the normal density, and is used for reasons of analytic convenience. If ε is Gumbel distributed then, 
Semi-parametric hazard analysis -survival of employee start-ups
We follow the example of Mahmood (1994,1995) , Mahmood (1992) , Mata and Portugal (1994) , and Honjo (2000) , to mention a few, in applying the proportional hazard model proposed by Cox (1972) to assess survival. There are mainly two reasons why conventional statistical methods, such as OLS, are not appropriate when dealing with survival analysis. First of all the assumed normality of the distribution of the error terms in OLS is not an appropriate one and second of all conventional methods do not correct for the problem of right censoring. Right censoring refers to the fact that our datasets usually span only a limited time interval and we cannot observe the time of death of all subjects in the data. Subjects that are still alive at the end of the observation period are called right censored and the only thing we can know with certainty about them is that their survival time exceeds the period of observation (Cleves, Gould, and Gutierrez, 2004) .
Central in any survival analysis are the concepts of the survivor function, ( ) S t , and the hazard function, ( ) h t . If T is a non-negative random variable denoting the time to a death (or any event signifying failure), whose probability density function is ( ) f t and its cumulative distribution function is ( ) Pr( ) F t T t = ≤ then the survivor function is simply:
The survivor function returns the probability of survival beyond time t. The hazard function ( ) h t is the instantaneous rate of failure:
T t T t f t h t t St
→ + > > > = = (6) Δ 0 Pr( Δ | ) ( ) ( ) lim Δ ( ) t t t
6 However, the irrelevance of starting an own firm in the decision to Switch to a different employer and vice versa might not be so straightforward. Both choices represent a way of leaving one's current job position and seeking a different employment. Hyytinen and Ilmakunnas (2007) consider the two "search processes" of looking for a new employer or looking for an entrepreneurial opportunity and investigate whether individuals tend to engage in the two simultaneously or focus on the one they are primarily interested in. They conclude that individuals will tend to focus on one rather than conduct both "search processes" simultaneously. We consider this finding as strong evidence in favor of assuming that the IIA assumption holds between the choices Switch and Spin-off as well.
A hazard rate equal to zero signifies no risk at all while a hazard rate approaching infinity signifies the certainty of failure at that exact moment. In the Cox proportional hazards regression model (Cox, 1972 ) the hazard rate for the jth subject in the data is:
where, 0 ( ) h t is the baseline hazard function, ' j x is a vector of explanatory variables, and β is the vector of coefficients to be estimated. The main advantage of the Cox proportional hazards model is that the elements of β may be estimated without imposing any assumptions on or estimating the baseline hazard function, 0 ( ) h t , which is the hazard function for ' j x = 0 . This is achieved by using a method of partial likelihood. Clearly, a change in an explanatory variable causes a constant proportional change in the hazard rate (For a more detailed discussion, see Cleves, Gould, and Gutierrez, 2004) . Table 3 investigates the relationship between an incumbent's R&D strategy and the propensity of its employees to decide to leave their job to start their own firm while Tables 4 and 5 show the relationship between the incumbent's R&D strategy and the survival rate of the firms started by its exemployees. The multinomial logit (MNL) estimator reported in Table 3 observations that can be obtained in our data with information on both entry, survival and exit. Table 3 tests the hypothesis that persistent firms are less prone to spawning out employee entrepreneurship due to factors such as inertia of knowledge transfer. In order to ease the interpretation of the MNL estimation we present the marginal effects across the four distinct choices. These marginal effects sum to zero across the four alternatives.
Results
Propensity to be an entrepreneur
One should note that in contrast to the bulk of previous studies, the results in Table 3 is not limited to only spin-outs, but include also new firms outside the core business of the incumbent. Another noteworthy detail is that our data consider both declining sales and declining employment of the -21 -incumbent as factors that may affect the choice to leave and be self-employed. We believe that declining employment capture some additional influence of market conditions associated with both the business cycle and lost competitiveness.
Just over 6,000 people from an incumbent CIS-2004 firm, started a new venture during the period 1999-2005. The two upper rows of Table 3 .1 (Manufacturing) and Table 3 .2 (KIBS) predict their propensity to be an entrepreneur, with respect to the parents' R&D strategy. Three other possible labour market alternatives are also included in the table. The first column presents the marginal effects on the likelihood of the individual employee to Stay in his or her current position and columns 2-4
shows the marginal effects on Switch, Exit and Self-employed.
Looking at the manufacturing industry ( Our most interesting result concerns the consistent negative impact of persistent R&D on entrepreneurship in both samples. The coefficient on the decision to start a new firm among employees in firms that undertake R&D persistently is negative and significantly different from the control group (no R&D) and from firms that undertake R&D only temporarily. The evidence from Tables 3.1 and 3.2 appears to support hypothesis 1b rather than 1a: R&D strategies associated with persistent R&D in incumbent firms reduce entrepreneurial spawning.
The results with respect to the control variables partly conform and partly do not conform with our expectations. Tenure correlates positively with the stay-alternative and negatively with the likelihood to be an entrepreneur. Allowing for non-linearity, there is a significant quadratic effect for age on the MNL model, indicating that in the relevant range older people are somewhat more likely to be selfemployed (but the size of the estimate is closes to zero). Gender is an important determinant of entrepreneurship in the Swedish economy. Everything else equal, males are significantly more likely to switch from employment to self-employment. As could be predicted from arguments pertaining to opportunity costs, a high wage level in the incumbent firm reduces the incentives to entrepreneurial entry.
The results for both samples suggest that the level of the local entrepreneurial culture (measured by the average firm size index), declining employment in the incumbent firm and skill correlate positively with the ex-employees' propensity to become entrepreneurs. Where the two samples differ is the impact of the controls regional size, diversity and specialization. In the manufacturing sample, the propensity to start a new firm is stronger when the regional size is large and the labour market is characterized by specialization, while diversification has a negative correlation. By contrast, in the KIBS sample neither specialization, diversification nor regional size are associated with the decision to start a new firm. The coefficient estimate for firm size is significant only for KIBS and the sign is negative. Tables A1 and A2 To summarize, we have shown that incumbent firms undertaking R&D persistently in both manufacturing and knowledge based business services are significantly less likely to spawn new entrepreneurs than other firms.
.
The survival of the new entrants
We now turn to the Cox proportional hazard estimates presented first in Table 4 . A low hazard rate is indicative of a firm that is more competitive and more likely to survive. The hypotheses to test are that (i) firms started by ex-employees of firms with persistent R&D are more likely to survive compared to start-ups of ex-employees of other firms, (ii) spin-outs (firms in the same 2-digit NACE industry as the originating company) will exhibit higher survival rates. We also assess the hypothesis that the influence of R&D strategy on survival is stronger among KIBS firms.
Before we discuss the estimates, it should be noted that the tables report hazard ratios rather than coefficients. The hazard ratios act as multipliers of the baseline hazard per unit change of the explanatory variables. A hazard ratio equal to 1.00 does not alter the hazard faced by an individual compared to the baseline hazard. A ratio larger than 1.00 increases the hazard (the chance of exit on the next time period), while a ratio smaller than 1.00 decreases the hazard.
In Table 4 the control group facing the baseline hazard is the group of entrepreneurs coming from an incumbent with no R&D. Columns (I) and (II) present two different specifications for firms coming from a manufacturing incumbent. The second specification excludes the skill-variable, which is closely correlated with the innovation strategy. Columns (III) and (IV) apply the same specifications in the case of KIBS.
Starting with the results on the propensity to survive for the new businesses spawned from manufacturing firm, no difference can be found related to R&D strategy. The most important determinant for the survival of new businesses founded by ex-employees from manufacturing firms is the size of the new entrant.
Interestingly, in direct contrast to the results from the manufacturing sample, the results of the hazard analysis for KIBS-firms point to important associations between R&D strategy of the incumbent firm and entrepreneurial quality. Entrepreneurs from KIBS firms with persistent R&D appear to have a knowledge advantage over entrepreneurs from KIBS firms with no R&D. This is the case for new entrants from incumbents with both persistent and temporary R&D. The point estimates of their hazard ratios are below 0.8 which indicates a substantially larger propensity to survive compare to the firms with no R&D (roughly 20%) (see columns 3 and 4). However, the coefficient estimate is significant only for incumbents with persistent R&D. It is significant just outside the 5% level when we control for differences in skill but the coefficient is significant at the 5% level when the skill variables is not included in the regression.
The results with respect to the control variables identify a strong of effect the same industry indicator, however significant only for the KIBS-sample. This indicates the importance of related knowledge spillover between the old and the new firm. The initial size of the entrant correlates positively and significantly with the chance to be competitive on the market. Similar to the logit model reported above, age and age-squared are positively and significantly associated with the vitality of the new firm. Table 4 also indicates that entrepreneurs in dense regions are less likely to survive, than those starting a new firm in other regions. This result can only be confirmed in the KIBS-sample. One possible interpretation is that entrepreneurs in large regions more easily can be re-employed. Table 5 takes a closer look at the association between survival rates, and the same industry indicator for the KIBS-sample. In order to do so, we restrict the observations to spin-outs, defined as firms in the same 2-digit industry as the incumbent company. These are a total of 612 firms entering the market between 1999 and 2003. Table 4 showed that a firm that starts in the same business as the parent is more likely to survive, controlling for R&D-strategy. Both R&D firms and non-R&D firms produce firms of high survival potential as long as those follow the footsteps of their parents. Now we ask if there is any difference in the longevity of spin-outs from firms with different R&D strategies.
Because of the small number of firms started by employees from temporary innovating incumbents (73), in this subgroup, we pool start-ups originating from temporary and from persistent innovating firms together (a total of 244 start-ups) and keep firms originating from non-innovating incumbents (a total of 368 start-ups) in the control group.
When we eliminate observations on new firms starting outside the same 2-digit level as the father firm, the coefficient estimates for innovative firms (0.77 and 0.76) respectively are considerable lower than the bench-mark (1.00 for non-innovative) indicating the benefit of taping from a larger pool of knowledge. When controlling for skill (column 1), however, the estimate is just outside the 10% level, while it is significant at 10% level when skill is removed (column 2). As we have discussed above, skill and innovation strategy are correlated, making it difficult to disentangle the separate influence from each one of them individually. Hence, by including skill we will underestimate the impact of innovation on survival.
The results of the hazard model confirm that R&D strategies associated with persistent R&D in the incumbent firm increase the survival rate of the firm they spawn (hypothesis 2). But this finding is only true for those employee-start-ups emanating from KIBS incumbent (hypothesis 4). Furthermore, employee start-ups in the same sector as the parent firm, i.e. spin-outs, have higher survival rates than do employee start-ups operating in sectors other than the parent firm (hypothesis 3). Finally, our analysis shows that spin-outs related to innovative firms have a stronger survival capacity than spinouts from non-innovative firms.
Conclusions
Innovation is closely connected to growth, employment and welfare. It is therefore important to gather additional insight on the mechanisms through which innovations transform new ideas into economic performance. This paper starts by confirming a generic difference in productivity between firms that undertake persistent R&D and other firms. Controlling for both observable and unobservable heterogeneity, the former firms have superior sales, productivity, profitability and wages. Then the paper considers the relationship between the R&D strategy of the incumbent firm and the start-ups by ex-employees and tests several hypotheses using two different empirical models and a dataset comprising both manufacturing and knowledge intensive business services (KIBS). The empirical analysis produces a mixed but robust picture on innovation and entrepreneurial spawning.
-25 -The multinomial logit model delivers the prediction that persistent innovators do not encourage the employees to start a new business. Contrary to the view that knowledge and entrepreneurship are positively correlated, it finds that firms with more accumulated knowledge through successive and regular R&D-investments, are less likely to produce new firms through ex-employees. This negative impact can be explained by higher opportunity cost of starting an own firm, when the incumbent pays high wages and offers stable employment conditions. But it also highlights the difficulties of knowledge spillover. To a large extent, a firm's knowledge is embedded in a complicated infrastructure and not easily transferable through labor mobility.
In contrast to the estimated negative association between innovative incumbents and entrepreneurial entry by ex-employees, a hazard analysis shows that an incumbent's innovation strategy plays a pivotal role in the likelihood of survival of a new business, however only for firms spawned from KIBS-incumbents. This conclusion is not sensitive to a particular category of entrepreneurs. The results are consistent whether we consider all new start-ups related to innovative KIBS or narrow down the analysis to only spin-outs within the same 2-digit industry as the KIBS-incumbent. However, the KIBS-data seems to support the hypothesis that employee start-ups in the same sector as the parent, i.e. spin-outs, have higher survival rates than do employee start-ups operating in sectors other than the parent firm. Finally, our analysis shows that spin-outs related to innovative KIBS-firms have a stronger survival capacity than spinouts from non-innovative KIBS-firms.
Overall the analysis suggests that the R&D strategy and other firm attributes interact with individual and milieu characteristics in determining the quantity and quality of entrepreneurial spawning. In particular, the findings show that incumbent firms with persistent R&D investments are an important source of high-quality new entrepreneurs. This result has potential policy implications. Research has shown that it is typically a smaller set of high-quality new firms that generate the largest effect on the economy in terms of e.g. employment (see inter alia Fritsch and Schroeter 2009) . Our findings suggest that a policy designed to foster such high-quality entrepreneurship should comprise incumbent firms.
These are important sources of new high-quality entrepreneurs, and our results point in the direction that an environment conducive for investments in R&D in established firms has a higher potential for generating such high-quality entrepreneurs in the form of spin-offs from incumbents.
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